We apply a recently developed phenomenological theory of polar liquids to calculate the repulsive pressure between two hydrophilic membranes at nm-distances. We nd that the repulsion does show up in the model and the solution to the problem ts the published experimental data well qualitatively and even quantitatively. Moreover, we nd that the repulsion is practically independent of the temperature, and thus put some extra weight in favor of the so called hydration over entropic hypothesis for the membranes interactions explanation. The calculation is a good proof of concept example a suciently sophisticated continuous water model application to a non-trivial interaction on nm-size objects in water arising from long-range correlations between the water molecules. is capable of describing both the short-and the longrange features of a polar liquid in a single theoretical framework. Originally it was applied to calculate arXiv:0908.0632v2 [cond-mat.soft]
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We apply a recently developed phenomenological theory of polar liquids to calculate the repulsive pressure between two hydrophilic membranes at nm-distances. We nd that the repulsion does show up in the model and the solution to the problem ts the published experimental data well qualitatively and even quantitatively. Moreover, we nd that the repulsion is practically independent of the temperature, and thus put some extra weight in favor of the so called hydration over entropic hypothesis for the membranes interactions explanation. The calculation is a good proof of concept example a suciently sophisticated continuous water model application to a non-trivial interaction on nm-size objects in water arising from long-range correlations between the water molecules.
The solvent induced forces play an important role in Nature, key nano-and bio-technological applications, drive various self-assembly phenomena in cells and membranes [1] , vesicle-membrane, and -synapse fusion [2, 3] , protein folding [4] . Understanding of these phenomena is crucial in a number of practically important applications such as drug design, drug transport optimization, and the design of nano-particles drug transport and delivery systems [5] .
One of the most conceptually simple while still an important and an easily experimentally observable example of such interactions is provided by the short range repulsion between phospholipid membranes, originally discussed in [6, 7] . Since the original discovery there has been a lot of eorts to understand the nature of the repulsive forces, as described in [7] and the refs. therein.
Most of the time the interactions are analyzed within some kind of a two-body approximation in such a way that the total water mediated pressure between the two parallel lipid membranes is represented as a the sum of the two components: the direct pressure, arising from the direct interactions between the opposing membranes, and the hydration component, associated with the interaction of the membranes with the intervening water molecules [8] .
Since the membranes are hydrophilic, the exclusion of the water leads to the energy loss, and hence on the molecular level the hydration pressure can be associated with the orientation polarization of water near the membrane surfaces [9, 10, 11] . An alternative approach summarized in [12] suggests the dominant role the water molecules ordering next to the surfaces and thus emphasizes the water entropy contribution to the free energy of the system. None of the eects are easy to grasp within any kind of a simple continuous water model, which are * Electronic address: peter.fedichev@q-pharm.com; URL: http:// q-pharm.com normally designed to reproduce the eects of continuous electrostatics in polar solutes, e.g. [13, 14, 15] . The reason is that due to long-range electrostatic interactions between the molecular dipoles the correlations in water are collective and survive at very long distances up to 1nm. Therefore the eects of the ordering may lead to cluster formations and phase transitions phenomena [16, 17, 18, 19, 20, 21, 22] , appearance of strong and suciently long range interactions of non-electrostatics nature [4, 23, 24] .
The alternative to the continuous solvation models is Molecular Dynamics (MD) [25] This physical picture has far reaching consequences, especially at solvent-solute surfaces, where the ferroelectric lm of solvent molecules may be formed [28] . In accordance with the MD simulations [20, 21] the vector model predicts the BKT-like topological phase transitions at solvent-solute interfaces [29, 30] . Most of our earlier research was conned to interactions of hydrophobic bodies. In this Paper we try the model and provide the solution to the phospholipid membranes repulsion problem, which is a hydrophilic bodies interaction example. 
The polarization vector of the liquid, P = P 0 s where P 0 = n 0 d 0 , n 0 is the molecular density, and E e = −∇ϕ e is the external electric eld in the absence of the liquid.
Similarly, E P = −∇ϕ p is the polarization electric eld, produced by the polarization charges within the liquid characterized by the polarization charge density ρ P = −divP. The polarization potential ϕ P should be found from the Poisson equation 
where A = 4π/ (ε − 1) ≈ 0.16, ε ≈ 80 is the (large) dielectric constant, and B ∼ 1. The parameter A characterizes the long-range interactions of the molecular dipoles, depends strongly on the temperature: A ∝ (T − T C ) /T C [22] , and vanishes at T = T C ≈ 228K roughly at the λ−transition point in supercooled water [16, 17, 18, 19] . On the contrary, the parameter B depends on the short-range physics and thus is practically independent of the temperature. The last two terms in Since there is no external electric eld in our system, E P = −4πP = −4πP 0 s and the expression for the free 3 energy of the liquid reads
where s = s z is the only non-vanishing component of the average water molecules polarization and U (s) = V (s 2 )+ 2πs
Variational minimization of the free energy (1) with respect to the variations of the function s (r), δG = 0, gives the equation
similar to the equation of motion of a particle of the mass C at the position s moving in one-dimensional quasipotential U (s). Accordingly, the derivative ds/dz plays the role of the particle velocity velocity and the variable z serves as the time. The solution is a well known 1d
where the exact value of the energy is a constant to be found by matching the boundary conditions at the membrane surfaces s(±h/2) = s 0 :
The function (h) simplies in the large h limit: the main contribution to the integral comes the small s region where the integral diverges logarithmically, the function V (s 2 ) can be neglected altogether, U (s 2 ) ≈ 2πs
2 , and therefore ≈ 2πs
where λ = C/4π h is the characteristic size of the soliton, λ ∼ R D ≈ 0.15÷0.25nm, the characteristic water orientation domain size, rst introduced in [22, 23] .
Eq. (3) can be used to transform the energy of the liquid layer to
According to the standard denition the pressure, P = −S −1 ∂G/∂h, can be expressed as:
The integral in the r.h.s. can be evaluated using Eq. (5) and the asymptotic expression (6) for (h), so that the pressure is given by
where the prefactor P 1 = 2πP Few concluding remarks should be added here. First, the repulsion pressure depends essentially only on s 0 = S z Γ , z-component of unit vector S directed along the dipole moment of water molecule on the membrane interface Γ. This quantity decreases slightly as the temperature increases in agreement with the molecular dynamics studies of [8] . This observation lets us put some more weight in favor of the polarization [9, 10, 11] over the so called entropy hypothesis [12] of the repulsion pressure.
Indeed, the polarization pressure P decreases slowly as the temperature rises, whereas any entropy-related eect should lead to the sharp increase of P , as explained in [8] .
Second, the model dened by Eq. (1) is very similar to the non-linear screening model introduced in [26, 27] and was originally applied for the calculation of the electrostatic forces in water. The non-linear screening model does not contain the Oseen term responsible for the shortrange ordering of the water molecules. The scale λ is the characteristic size of the water molecules domain (cluster) depends on C and thus can only appear in the complete model (1) . This makes our model apparently the minimal continuous model capable of predicting repulsion of hydrophilic membranes. We note that the separate problem interactions of hydrophobic objects has been also extensively studied within another class of twoscale continuous water models [24, 31, 32] . We leave the research on possible convergence of the approaches and the relation between the scales of the models for a future publication.
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